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M,  N.  Inscoe,  D.  W.  Bushman,  and  R.  L.  Ridgway 


INTRODUCTION 


The  rapid  worldwide  increase  in  the  volume  of  scientific  publi- 
cations is  causing  scientists  increasing  difficulty  in  locating 
pertinent  literature  references  and  maintaining  current  reprint 
files.  Few  scientists  now  have  sufficient  time  to  make  compre- 
hensive literature  searches  in  the  library,  and  maintenance  of 
files  of  index  cards  or  punched  cards  is  excessively  cumbersome 
and  time  consuming.  These  methods  are  being  superseded  by  com- 
puterized systems,  including  bibliographic  update  services  such 
as  the  Current  Awareness  Literature  Service  of  the  National 
Agricultural  Library  (NAL)  (Anonymous,  1984)  and  bibliographic 
documentation  systems  that  permit  on-line  searching,  such  as 
AGRICOLA,  the  bibliographic  data  base  of  NAL  (Gilreath,  1984; 
Longo  and  Machado,  1981).  These  systems  aid  in  locating  perti- 
nent citations,  but  a method  of  organizing  the  information 
obtained  from  the  citations  thus  located  is  also  necessary. 

FAMULUS,  a data  base  management  system  developed  for  indexing 
and  retrieving  citations  in  reprint  files  of  research  scientists 
and  made  available  through  NAL  (Burton  et  al . , 1969,  revised 
1971;  Cittadino  et  al  . , 1977;  Burton,  1981;  Ashley,  1981; 

Stetka,  1983)  can  be  used  to  develop  a personal  computerized 
information  system.  Among  the  large  numbers  of  software 
programs  that  have  become  available  for  use  on  personal  com- 
puters (Taylor,  1984)  are  text-ori ented  data  base  management 
programs,  suitable  for  bibliographical  data  files  (Jacobson, 
1984);  such  software,  judiciously  selected,  could  also  be  used 
for  the  development  of  personal  bibliographic  data  bases. 

Through  careful  indexing  of  the  citations  in  personal  reprint 
files,  such  an  information  system  can  be  used  to  develop 
specialized  bibliographies  for  individual  needs.  A bibliography 
thus  generated  (e.  g.,  Kulhavy  and  Johnson,  1983)  is  not  always 
of  general  interest,  but  it  can  be  extremely  valuable  for  a 
specialized  audience  having  interests  in  a specific  field  and 
can  eliminate  much  duplication  of  effort. 

Using  FAMULUS,  a specialized  data  base  on  behavioral  chemicals 
produced  by  Heliothis  species  was  developed  to  support  several 
ongoing  research  projects.  This  data  base  can  be  used  in  var- 
ious ways  to  organize  and  index  available  information  on  the 
subject.  A major  application  has  been  the  generation  of  this 
bibliography,  which  was  prepared  to  facilitate  communication 
with  cooperators  and  other  interested  scientists  in  the  United 
States  and  throughout  the  world. 
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Behavioral  chemicals  from  Hel i othi s species  provide  a particu- 
larly appropriate  subject  for  a speci al i zed  bibliography  because 
of  the  economic  importance  of  the  genus  and  the  diversity  of  the 
behavioral  chemicals  associated  with  the  different  members  of 
the  genus. 

Hel iothi s species  are  found  worldwide  and  many  of  the  known 
species  are  economically  important  pests  of  a wide  variety  of 
crops  (Reed,  1982),  The  corn  earworm,  _H.  zea  (Boddie),  the 
tobacco  budworm,  H_.  vi  rescens  (F.),  and  the  Old  World  bollworm, 
H.  armigera  (HUbner),  in  particular,  are  considered  major  pests 
of  cornV  legumes,  vegetables,  and  other  crops.  Much  has  been 
written  about  these  insects;  a comprehensive  computer-generated 
bibliography  on  H^.  zea  and  Jj^.  vi  rescens,  published  in  1978 
(Kogan  et  al.,1978),  contained  5178  citations.  Similarly,  the 
literature  dealing  specifically  with  Heliothis  pheromones  is 
increasing  rapidly,  as  evidenced  by  the  221  citations  in  this 
bibl i ography. 

Scope  This  bibliography  includes  citations  dealing  specifically  with 

compounds  emitted  by  Hel iothis  species  that  affect  the  behavior 
of  conspecific  insects  or  insects  of  other  species,  as  well  as 
with  synthetic  analogs  of  such  compounds.  However,  the  listings 
are  not  limited  to  chemical  aspects;  the  role  of  these  compounds 
in  studies  of  insect  behavior  and  ecology  is  also  covered. 
Since  a major  requirement  in  the  identification  of  a behavioral 
chemical  is  a suitable  bioassay,  reports  on  insect  behavior, 
particularly  mating  behavior,  are  also  included. 

The  largest  group  of  citations,  by  far,  is  made  up  of  those 
dealing  with  sex  attractant  pheromones  emitted  by  the  adult 
females.  This  is  a broad  area  that  covers  subjects  such  as 
isolation  and  identification  of  the  pheromones,  synthetic  phero- 
mone analogs,  the  role  of  pheromones  in  mating  behavior,  inter- 
specific attraction  or  other  interspecific  interaction,  the 
behavior  elicited  by  individual  pheromone  components,  the  use  of 
pheromone  traps  in  monitoring  and  detection,  and  potential 
applications  of  pheromones  in  pest  management. 

Other  types  of  compounds  that  are  produced  by  Heliothis  species 
and  affect  insect  behavior  are  also  included.  Chief  among  these 
are  the  kairomones,  which  attract  or  stimulate  parasitoids  or 
predators  to  search  for  eggs,  larvae,  or  adults. 

Since  coverage  is  limited  to  insect-produced  compounds  or  their 
synthetic  analogs,  the  area  of  plant-host  interactions  is  beyond 
the  scope  of  this  bibliography;  and  plant-derived  chemicals, 
such  as  feeding  stimulants  and  feeding  deterrents,  are  not 
covered.  Also  omitted  are  papers  on  various  synthetic  chem- 
icals, such  as  ovi position  attractants. 
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Sources 


Sources 

Citations  for  this  bibliography  were  obtained  from  personal 
files,  computer-generated  Current  Awareness  reference  listings 
provided  by  NAL,  a literature  search  made  by  C.  Bebee  of  NAL; 
subsequent  searches  of  AGRICOLA;  and  computer  output  supplied  by 
Dr.  Stinner  from  his  computer-based  searchable  file.  Coverage 
is  through  1983,  but  citations  obtained  from  an  AGRICOLA  update 
in  July  1984  and  by  scanning  a few  specific  journals  (Ann.  Ent- 
omol . Soc.  Amer.,  Can.  Entomol.,  Environ.  Entomol . , J.  Chem. 
Ecol . , J.  Econ.  Entomol.,  and  J.  Insect  Physiol.)  through  the 
June  1984  issues  are  included.  Whenever  possible,  hard  copy  of 
each  citation  was  obtained  for  indexing  purposes. 

Organization 

The  information  presented  in  each  entry  includes  a computer- 
assigned  entry  number,  authors'  names,  date  of  publication, 
title  of  citation,  publication,  NAL  call  number,  and  keywords. 
The  citations  are  listed  alphabetically  by  author;  alphabeti- 
zation was  done  by  computer  on  FAMULUS,  but  in  a few  cases, 
where  citations  by  a given  author  appeared  out  of  sequence  beca- 
use of  the  inconsistent  use  of  "Jr.",  the  order  was  changed. 
Underlining  that  was  omitted  in  making  entries  in  FAMULUS  was 
inserted  in  the  final  version  of  the  text. 

Keywords 

A restricted  vocabulary  was  used  in  assigning  keywords  for  use 
in  generating  the  subject  index;  each  term  was  used  with  a very 
specific  meaning,  as  described  below.  In  assigning  keywords,  an 
attempt  was  made  to  consider  four  general  areas  for  each  cita- 
tion: the  research  approach(es)  used;  the  subject(s)  of  the 
research,  the  insect  or  insects  mentioned  in  the  citation,  and 
any  pertinent  compounds  mentioned  by  name.  The  combination  of 
keywords  from  these  four  categories  listed  for  each  citation 
allows  for  varying  degrees  of  selectivity  in  using  this  biblio- 
graphy. 

The  following  is  an  alphabetical  listing  of  the  keywords  used, 
with  an  explanation  of  the  specific  meaning  attached  to  each  one 
or  the  conditions  under  which  each  is  assigned  to  a citation: 

analysis  --  studies  involving  chemical  analytical 

methodol ogy. 

behavior  — reports  on  the  actions  of  live  insects  (in  the 
laboratory  or  field)  in  response  to  experimental  or 
natural  stimuli. 

bioassay  — any  test  or  study  done  in  the  laboratory  that 
involves  live  insects  (excluding  electrophysiol  ogical 
studi es ) . 

cage  test  --  any  test  done  outside  the  laboratory,  but  in  a 
restrictive  environment  such  as  a field  cage,  greenhouse, 
or  wi  nd  tunnel . 
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control  strategy  — the  citation  deals  with  chemical 
mediation  of  insect  behavior  as  a tool  in  insect 
management  programs. 

degradation  product  — substance(s)  produced  by  the  chemical 
degradation  of  compounds  dealt  with  in  this  bibliography. 
di sruptant  --  compound(s)  causing  a reduction  in  mating  or 
mating  behavior  by  interfering  with  mating  communication. 
In  the  citations,  these  compounds  are  denoted  by  terms 
such  as  mating  di sruptant,  deterrent,  or  inhibitor. 
electrophysiology  --  studies  in  which  el ectrophysiological 
techniques  such  as  el ectroantennograms  (EAG)  are  used. 
field  test  --  any  test  done  with  live  insects  outside  the 
laboratory  in  an  unrestricted  environment  (cf.  cage  test). 
formulation  --  a combination  of  active  and  inactive  ingre- 
dients that  forms  a system  to  deliver  active  ingredients 
to  the  environment. 

hybrid  — the  behavior  and  progeny  associated  with  inter- 
specific matings. 

i denti fi cation  — studies  in  which  specific  compounds  are 
chemically  identified. 

interspecific  interaction  — studies  in  which  natural  or 
synthetic  pheromone  components  or  live  insects  were  found 
to  attract  or  repel  insects  of  other  species. 
i rradi ati on  --  the  use  of  irradiation  to  produce  sterile 
insects  or  the  effect  of  such  treatment  on  insects  or 
their  behavior. 

i solation  — studies  in  which  behavioral  ly  active  compounds 
are  isolated  from  insects,  by  means  such  as  extraction  or 
concentration  of  volatiles,  and  are  partially  purified  and 
characterized  (through  bioassay,  EAG,  etc.)  but  not  neces- 
sarily identified  chemically. 

kai romone  --  a compound  or  compounds,  produced  by  an  insect, 
that  elicits  in  a receiver  of  another  species  a behavioral 
or  physiological  response  that  is  favorable  to  the 
receiver,  but  not  to  the  emitter. 
male  pheromone  --  a pheromone  produced  by  the  males  of  a 
given  species,  rather  than  by  the  females. 
mi gration  --  the  dispersal  of  insects,  excluding  dispersal 
within  a limited  local  environment  such  as  dispersal  with- 
in a greenhouse  or  dispersal  within  a single  field. 
moni tori ng  — field  studies  in  which  insect  population  levels 
or  movements  are  examined  by  traps  baited  with  natural  or 
synthetic  pheromones.  This  keyword  is  also  used  for  cita- 
tions dealing  with  survey  or  detection. 
mo rphol ogy  — studies  of  the  morphology  of  a given  insect  in 
relation  to  pheromone  production  or  reception. 
parasi toi d --  an  insect  that,  in  at  least  one  stage  of  its 
development,  lives  in  close  association  with  an  insect  of 
another  species  and  derives  its  energy  from  this  insect. 
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and  in  so  doing,  kills  the  host  insect.  This  keyword 
excludes  insects  that  are  strictly  predaceous. 
phyl ogeny  — the  systematics  of  a given  insect. 
physiol  ogy  --  studies  of  the  physiology  of  a given  insect 
population  density  estimation  --  studies  in  which  a method 
for  estimating  population  densities  is  given  and  tested  in 
such  a way  that  actual  numerical  estimates  are  presented 
in  the  study. 

sex  pheromone  — this  term  is  used  here  specifically  for  a 
compound  or  mixture  of  compounds  emitted  by  a female 
insect  that  mediates  the  sexual  behavior  of  receiving  male 
insects  of  the  same  species.  A citation  that  refers  to 
the  use  of  live  females  or  crude  extracts  of  females  as 
bait  in  traps  is  assigned  this  keyword. 
sex  pheromone  analog  — a synthetic  compound  that  is  similar 
in  structure  to  a sex  pheromone  component  of  a given 
species  and  that  elicits  similar  behavior  in  receiving 
insects  of  that  species  (often  referred  to  as  a paraphero- 
mone  in  the  citations). 

sex  pheromone  precursor  — a compound  found  in  an  insect  that 
is  a proven  or  putative  intermediate  in  the  biosynthesis 
of  a pheromone. 

synthesi s — studies  which  present  a synthetic  route  to  a 
chemical ly  identified  compound. 
synthetic  sex  pheromone  --  a synthetic  compound  or  mixture  of 
compounds  identical  in  structure  to  one  or  more  components 
of  the  natural  sex  pheromone  of  a given  insect  species. 
trap  design  --  studies  in  which  the  efficacy  of  different 
trap  designs  is  tested. 

trap  pi  ng  --  studies  which  specifically  examine  the  use  of 
live  insects,  extracts  of  live  insects,  or  synthetic  com- 
pounds for  trapping  insects  in  the  field.  Many  references 
that  mention  the  use  of  trapping  have  not  been  assigned 
this  keyword  because  the  trapping  was  not  the  focus  of  the 
research. 

vapor  distribution  — studies  in  which  the  atmospheric 
distribution  of  various  compounds  is  analyzed  after  the 
compounds  have  volatilized  from  a source. 

In  addition  to  the  terms  listed  above,  the  keywords  also  list 
specific  insects  and  compounds.  All  insects  mentioned  in  a 

citation  are  not  necessarily  listed;  rather,  only  those  insects 
that  have  some  involvement  with  Hel i othi s behavioral  compounds 
are  included.  When  the  authors  of  a citation  have  used  an 

insect  name  other  than  that  in  general  use  (_e.  ^. , Hel i coverpa 
armigera,  Heliothis  obsoleta,  or  Heliothis  punctiger),  the  more 
fami  liar  name  is  also  listed. 

The  compounds  listed  for  a given  citation  are  those  that  are 

specifically  mentioned  by  name;  Chemical  Abstracts  nomenclature 
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Uses 


References 


is  used.  As  with  insect  names,  all  compounds  mentioned  in  a 
citation  are  not  necessarily  listed,  only  those  that  have 
relevance  as  behavioral  chemicals  of  Heliothis.  Those  chemicals 
that  are  not  mentioned  by  name  in  a citation  but  are  referred  to 
in  a manner  sufficiently  specific  to  allow  no  uncertainty  as  to 
the  compounds  involved  are  also  listed.  For  example,  "the  7- 
component  pheromone  of  H.  vi  rescens"  refers  to  a specific 
mixture  of  compounds,  and”  all  seven  compounds  are  included  in 
the  keywords  when  that  phrase  is  used.  However,  no  compounds 
are  listed  for  those  citations  that  refer  to  "synthetic  phero- 
mone" or  "pheromone  trap"  without  specifying  the  components  of 
the  pheromone  mixture  or  giving  a specific  literature  reference. 

In  addition  to  aiding  scientists  involved  specifically  with 
Heliothis  pheromones,  the  material  in  this  bibliography  will  be 
of  interest  to  scientists  working  in  various  areas  of  basic 
research,  such  as  studies  of  bi osystemati cs  or  mechanisms  of 
olfaction,  as  well  as  in  applied  research,  in  projects  aimed  at 
delineating  pathways  of  migration,  improvement  of  methodology 
for  detection  or  monitoring,  and  development  of  effective 
management  strategies. 
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(^)-ll-tetradecen-l-ol ; U)-ll-hexadecen-l-ol  acetate;  U)-9-hexadecen- 
l-ol  acetate;  U) -11-tetradecen-l-ol  acetate;  U)-9-tetradecen-l-ol 
acetate 

2.  Agee,  H.  R.  1969.  Mating  behavior  of  boll  worm  moths.  Ann.  Entomol. 

Soc.  Am.  62:  1120-1122.  420  EN82  behavior;  H,  zea 


3.  Aubrey,  J.  G.,  Jr.;  Boudreaux,  H.  B.;  Grodner,  M.  L.;  Hammond,  A.  M. 

1983.  Sex  pheromone-producing  cells  and  their  associated  cuticle  in 
female  Heliothis  zea  and  H.  vi rescens  (Lepidoptera:  Noctuidae).  Ann. 
Entomol.  Soc.  Am.  76:  343-348.  420  EN82  morphology;  H^.  zea;  H^. 

vi rescens 

4.  Beevers,  M.;  Lewis,  W.  J.;  Gross,  H.  R.,  Jr.;  Nordlund,  D.  A.  1981. 

Kairomones  and  their  use  for  management  of  entomophagous  insects.  X. 
Laboratory  studies  on  manipulation  of  host-finding  behavior  of 
Trichogramma  pretiosum  Riley  with  a kairomone  extracted  from  Heliothis 
zea  (Boddie)  moth  scales.  J.  Chem.  Ecol.  7:  635-648.  QD415.A1J6 

bioassay;  behavior;  kairomone;  parasitoid;  Trichogramma  pretiosum;  H. 
zea 

5.  Berger,  R.  S.;  McGough,  J.  M.;  Martin,  0.  F.  1965.  Sex  attractants 
of  Heliothis  zea  and  H.  vi rescens.  J.  Econ.  Entomol.  58:  1023-1024. 
421  J822  bioassay;  behavior;  sex  pheromone;  _H.  zea ; H^.  vi rescen 


6.  Boness,  M.;  Eiter,  K.;  Dissel nkotter,  H.  1977.  Studies  on  sex 

attractants  of  Lepidoptera  and  their  use  in  crop  protection. 
Pflanzenschutz-Nachri chten  Bayer  30:  213-236.  464.8  H67AE  field 

test;  sex  pheromone  analog;  _H.  vi  rescens ; JH.  zea ; H^.  armigera;  U)-9- 
tetradecen-l-ol  formate;  (Z_)-9-tetradecen-l-ol  acetate;  U)-9- 
tetradecen-l-ol 

7.  Bourdouxhe,  L.  1980.  Study  of  changes  in  Heliothis  armigera  flights 

with  synthetic  pheromone  traps  in  Senegal.  Plant  Protection  Bull.  28: 

107-109.  421  P692  monitoring;  synthetic  sex  pheromone;  _H.  armigera; 

U)-ll-hexadecenal 

8.  Bourdouxhe,  L.  1982.  Comparaison  de  deux  types  de  pieges  pour  le 
piegeage  sexuel  de  Heliothis  armigera  au  Senegal.  (Comparison  of  two 
kinds  of  trap  for  sex  trapping  of  Heliothis  armigera  in  Senegal.) 

Plant  Protection  Bull.  30:  131-136.  421  P692  field  test;  trap 

design;  synthetic  sex  pheromone;  armigera;  (Z)-ll-hexadecenal 
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9.  Brader-Breukel , L.  M.  1970.  Lutte  centre  Diparopsis  watersi  (Roths.) 
et  Heliothis  armigera  (Hb.),  attraction  sexuel 1e  et 
chimiosteril i sation.  (Combatting  Diparopsis  watersi  (Roths.)  and 
Heliothis  armigera  (Hb.):  Sexual  attraction  and  chemosteril ization. ) 
Coton  Fibres  Trop.  25:  505-508.  73.8  C82  control  strategy;  trapping; 

sex  pheromone;  H^.  armi gera 

10.  Bues,  R.;  Poitout,  H.  S.  1980.  Le  piegeage  sexuel  comme  methode 

d ' averti ssement  dans  differentes  regions  de  France  pour  trois  especes  de 
lepidopteres  Noctuidae  (Mamestra  brassicae  L.;  Scotia  segetum  Schiff.; 
Helicoverpa  armigera  Hbn . ) . (Sexual  trapping  used  in  various  areas  in 
France  for  monitoring  of  three  noctuid  lepidopteran  species  (Mamestra 
brassicae  L.;  Scotia  segetum  Schiff.;  Helicoverpa  armigera  Hbn.).)  In: 
Les  Pheromones  Sexuel les  et  les  Mediateurs  Chimiques  Chez  les  Insectes: 
Utilisation  en  Lutte  Integree.  Collogues  INRA  3:  117-122. 

5539.7. C6  monitoring;  synthetic  sex  pheromone;  armi  gera ; 

Hel  icoverpa  armi  gera 

11.  Buleza,  V.  V.;  Apasov,  S.  G.;  Myttus,  E.  R.;  Tashiykova,  T.  M.; 

Kovaleva,  A.  S.  1982.  (Field  trials  of  the  sex  pheromone  of  the 
scarce  bordered  straw  moth  Helicoverpa  armigera.)  Doklady  Akad.  Nauk 
SSSR  267:  237-239;  English  version,  Doklady  Biol.  Sci.  Akad.  Nauk  SSSR 
267:  542-544  (1984).  511  P444A;  511  P444AEB  field  test;  synthetic 

sex  pheromone;  trap  design;  behavior;  H^.  armi  gera;  Helicoverpa  armigera; 
(^)-ll-hexadecenal ; (^) -9-hexadecenal ; hexadecanal ; (_Z )-9-tetradecenal ; 
(^) -11-hexadecen-l-ol ; hexadecanol 

12.  Buleza,  V.  V.;  Myttus,  E.  R.;  Kovaleva,  A.  S. ; Kagan,  M.  Z.;  Kravchenko, 

V.  D.;  Apasov,  S.  G.  1983.  (Flight  of  the  corn  earworm  Helicoverpa 
armigera  to  components  of  the  sex  pheromone.  Doklady  Akad.  Nauk  SSSR 
272 : 244-247;  English  version,  Doklady  Biol.  Sci.  Akad.  Nauk  SSSR  272: 
502-504  (1984).  511  P444A;  511  P444AEB  field  test;  trapping; 

synthetic  sex  pheromone;  sex  pheromone  analog;  sex  pheromone; 
disruptant;  Jj^.  armigera;  Helicoverpa  armigera;  (^)-ll-hexadecenal ; (_Z)- 
11-tetradecenal ; (^)-9-hexadecenal ; (^) -11-hexadecen-l-ol ; hexadecanol; 
hexadecanal 

13.  Callahan,  P.  S.  1964.  Evidences  for  the  electromagnetic  (far 

infrared)  theory  of  communication  in  the  Noctuidae,  Lepidoptera,  with 
special  reference  to  the  corn  earworm,  Heliothis  zea.  Southern  Corn 
Improvement  Conf.  Rept.  19:  42-43.  59.9  S087  behavior;  JH.  zea 

14.  Carlson,  D.  A.;  McLaughlin,  J.  R.  1982a.  Diolefin  analog  Of  a sex 

pheromone  component  of  Heliothis  zea  active  in  disrupting  mating 
communication.  Experientia  38:  309-310.  475  EX7  field  test; 

disruptant;  sex  pheromone  analog;  sex  pheromone;  JH^.  zea;  H^.  vi rescens; 
(^)-l,12-heptadecadi ene;  (_Z)-ll-hexadecenal 

15.  ■ Carlson,  D.  A.;  McLaughlin,  J.  R.  1982b.  Disruption  of  mating 

communication  in  Heliothis  zea:  Synthesis  and  tests  of  olefinic  analogs 
of  a sex  pheromone  component.  Protection  Ecol . 4:361-369. 

5589.7. P7  field  test;  synthesis;  disruptant;  sex  pheromone  analog;  sex 

pheromone;  H^.  zea;  H^.  vi  rescens;  (^)-l,12-heptadecadiene;  (^)-5- 
hexadecene;  (_Z)-5-heptadecene 
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16. 


Caro,  J.  H.;  Freeman,  H.  P.;  Bi erl -Leonhardt , B.  A.  1979. 

Determination  of  U)-9-tetradecen-l-ol  formate,  a Heliothis  spp.  mating 
disruptant,  in  air  by  electron-capture  gas  chromatography  following 
photolytic  cleanup.  J.  Agric.  Food  Chem.  27:  1211-1215.  381  J8223 

disruptant;  sex  pheromone  analog;  _H.  zea;  JH.  vi  rescens ; U)-9- 
tetradecen-l-ol  formate 

17.  Caro,  J.  H.;  Glotfelty,  D.  E.;  Freeman,  H.  P.  1980.  (Z_)-9- 

Tetradecen-l-ol  formate:  Distribution  and  dissipation  in  the  air  within 
a corn  crop  after  emission  from  a control led-rel ease  formulation.  J. 
Chem.  Ecol . 6:  229-239.  QD415.A1J6  field  test;  vapor  distribution; 

disruptant;  sex  pheromone  analog;  _H.  zea ; vi  rescens ; U)-9- 
tetradecen-l-ol  formate 

18.  Carpenter,  J.  E.;  Pair,  S.  D.;  Sparks,  A.  N.  1984.  Trapping  of 

different  noctuid  moth  species  by  one  trap  baited  with  two  lures.  J. 

Ga.  Entomol.  Soc.  19:  120-124.  QL461.G4  field  test;  trapping; 

disruptant;  interspecific  interaction;  synthetic  sex  pheromone;  sex 
pheromone;  zea;  _H.  vi  rescens ; Spodoptera  frugiperda;  (_Z)-11- 
hexadecenal  ; U)-9-hexadecenal  ; U)-7-nexadecenal ; -ll-hexadecen-l- 
ol ; hexadecanal ; U)-9-tetradecenal ; tetradecanal ; (_Z)-9-dodecen-l-ol 
acetate 

19.  Carpenter,  J.  E.;  Sparks,  A.  N.  1982a.  The  specificity  of  Heliothis 

zea  pheromone  components  in  eliciting  precopul atory  responses  from 

zea  male  moths.  J.  Ga.  Entomol.  Soc.  17:  87-93.  QL461.G4  cage 

test;  behavior;  synthetic  sex  pheromone;  JH^.  zea ; U) -11-hexadecenal ; 

(^) -9-hexadecenal ; U)-7-hexadecenal ; hexadecanal 

20.  Carpenter,  J.  E.;  Sparks,  A.  N.  1982b.  Effects  of  vision  on  making 

behavior  of  the  male  corn  earworm.  J.  Econ.  Entomol.  75:  248-250. 

421  J822  cage  test;  behavior;  synthetic  sex  pheromone;  H_.  zea 

21.  Carpenter,  J.  E.;  Sparks,  A.  N.;  Gueldner,  R.  C.  1982.  Effects  of 

moth  population  density  and  pheromone  concentration  on  mating  disruption 
of  the  corn  earworm  in  large  screened  cages.  J.  Econ.  Entomol.  75: 
333-336.  421  J822  cage  test;  disruptant;  synthetic  sex  pheromone;  _H. 

zea ; U)-ll-hexadecenal ; U)-9-hexadecenal ; (_Z)-7-hexadecenal ; 
hexadecanal 

22.  Carpenter,  J.  E.;  Sparks,  A.  N.;  Raulston,  J.  R.  1979. 

Competitiveness  of  Hel  i othi  s hybrid  vs.  H_.  vi  rescens  females  for  _H. 
vi rescens  males  in  Georgia  tobacco.  J.  Ga.  Entomol.  Soc.  14:  65-69. 
QL461.G4  cage  test;  hybrid;  behavior;  sex  pheromone;  H^.  vi  rescens ; _H. 
subflexa  ; H^.  subfl  exus 

23.  Cross,  J.  H.;  Mitchell,  E.  R.;  Tumlinson,  J.  H.;  Burnett,  D.  E. 

1980.  Selection  of  a polyethylene  tubing  formulation  of  (_Z)-9- 
tetradecen-l-ol  formate  and  its  use  in  disrupting  pheromone 
communication  in  Heliothis  zea  (Boddie).  J.  Chem.  Ecol.  6:  771-779. 
QD415.A1J6  bioassay;  field  test;  formulation;  disruptant;  sex 
pheromone  analog;  sex  pheromone;  H^.  zea;  U)-9-tetradecen-l-ol  formate 
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24. 


Dunkelblum,  E.;  Gothilf,  S.;  Kehat,  M.  1980.  Identification  of  the 
sex  pheromone  of  the  cotton  bollworm,  Heliothis  armigera,  in  Israel. 
Phytoparasitica  8:  209-211.  SB599.P53  identification;  sex  pheromone; 

H.  armigera;  (^) -11-hexadecenal ; (^)-9-hexadecenal ; hexadecanal ; 
hexadecanol 

25.  Dunkelblum,  E.;  Gothilf,  S.;  Kehat,  M.  1981.  Identification  of  sex 

pheromones  from  Heliothis  armigera,  Spodoptera  littoralis,  and  Plusi a 
chal ci tes . (Abstract)  Phytoparasitica  9:  77.  SB599.P53 

identification;  sex  pheromone;  H_.  armi  gera ; (^) -11-hexadecenal  ; (^)-9- 
hexadecenal ; hexadecanal ; hexadecanol 

26.  Dzhumakulov,  T.;  Yuldashev,  A.  M.;  Abduvakhabov,  A.  A.  1982. 

(Synthesis  of  one  of  the  sex  pheromones  of  Heliothis  levre,  cis- 
tetradec-9-en-l-ol  acetate.)  Khim.  Pridod.  Soedin.  1982:  538-539; 
English  translation,  Chem.  Natural  Cpds.  18:  516-517  (1983). 

QD241.K45;  QD241.K453  synthesis;  synthetic  sex  pheromone;  H^.  1 evre;  JH. 
zea;  armigera;  (^)-9-tetradecen-l-ol  acetate 

27.  Eldumiati,  I.  I.;  Levengood,  W.  C.  1972.  Summary  of  attractive 

responses  in  Lepidoptera  to  electromagnetic  radiation  and  other 
stimuli.  J.  Econ.  Entomol . 65;  291-292.  421  J822  cage  test;  sex 

pheromone;  _H.  zea 

28.  Enkorlin  (Enkerlin),  D.  1977.  Influencia  de  diferentes  tratamientos 

en  estado  de  larva  y pupa  sobre  la  respuesta  de  adultos  del  gusano  de  la 
yema  del  tabaco  Helionthis  (sic)  vi>escens  (Fabricius)  a diferentes 
fuentes  de  atraccion.  (Influence  of  different  treatments  of  larvae  and 
pupae  on  the  response  of  adults  of  tobacco  budworm  Heliothis  virescens 
(Fabricius)  to  different  sources  of  attraction.)  Informe 
Investigaci on , 1975-1976,  81-82.  102  M7  62  trapping;  sex  pheromone; 

H^.  vi  rescens 

29.  Flint,  H.  M.;  McDonough,  L.  M.;  Salter,  S.  S.;  Walters,  S.  1979. 

Rubber  septa:  A long  lasting  substrate  for  (O -11-hexadecenal  and  (Z_)~ 
9-tetradecenal , the  primary  components  of  the  sex  pheromone  of  the 
tobacco  budworm.  J.  Econ.  Entomol.  72:  798-800.  421  J822  field 

test;  formulation;  sex  pheromone;  synthetic  sex  pheromone;  _H.  vi rescens ; 
(^) -11-hexadecenal ; (^)-9-tetradecenal 

30.  Gaston,  L.  K.;  Fukuto,  T.  R.;  Shorey,  H.  H.  1966.  Sex  pheromones  of 

noctuid  moths.  IX.  Isolation  techniques  and  quantitative  analysis  for 
the  pheromones,  with  special  reference  to  that  of  Trichoplusia  ni 
(Lepidoptera:  Noctuidae).  Ann.  Entomol.  Soc.  Am.  59:  1062-1066.  420 

EN82  isolation;  analysis;  sex  pheromone;  _H.  vi  rescens ; jl.  zea 

31.  Gaston,  L.  K.;  Shorey,  H.  H.  1964.  Sex  pheromones  of  noctuid 

moths.  IV.  An  apparatus  for  bioassaying  the  pheromones  of  six 
species.  Ann.  Entomol.  Soc.  Am.  57:  779-780.  420  EN82  bioassay; 

sex  pheromone;  _H.  zea ; Jj^.  vi  rescens 

32.  Gentry,  C.  R. ; Lawson,  F.  R.;  Hoffman,  J.  D.  1964.  A sex  attractant 

in  the  tobacco  budworm.  J.  Econ.  Entomol.  57:  819-821.  421  J822 

bioassay;  cage  test;  sex  pheromone;  vi  rescens 
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33.  Goodenough,  J.  L.;  Snow,  J.  W.  1973,  Increased  collection  of  tobacco 

budworm  by  electric  grid  traps  as  compared  with  blacklight  and  sticky 
traps.  J.  Econ.  Entomol.  66;  450-453,  421  J822  field  test;  trap 

design;  sex  pheromone;  H_.  vi rescens 

34.  Gothilf,  S. ; Galun,  R. ; Jacobson,  M.  1979.  Sex  pheromones  of 

Lepidoptera.  Final  Report,  Binational  Science  Foundation  Project  No. 
253.  SB933.5.  G68  identification;  bioassay;  field  test; 

electrophysiology;  sex  pheromone;  synthetic  sex  pheromone;  sex  pheromone 
analog;  disruptant;  H.  armigera;  (Z)-ll-hexadecenal ; (^)-il- 
tetradecenal ; (_Z)-9-tetradecen-l-oT  formate;  U)-9-tetradecenal 

35.  Gothilf,  S.;  Kehat,  M.;  Dunkelblum,  E.;  Jacobson,  M.  1979.  Efficacy 

of  U) -11-hexadecenal  and  U) -11-tetradecenal  as  sex  attractants  for 
Heliothis  armigera  on  two  different  dispensers.  J.  Econ.  Entomol.  72: 
718-720.  421  J822  field  test;  synthetic  sex  pheromone;  formulation; 

H.  armigera;  U)-ll-hexadecenal ; U)-ll-tetradecenal 

36.  Gothilf,  S.;  Kehat,  M.;  Jacobson,  M.;  Galun,  R.  1978a.  Screening 

pheromone  analogues  by  EAG  technique  for  biological  activity  on  males  of 
Earias  insulana,  Heliothis  armigera,  and  Spodoptera  littoralis. 

Environ.  Entomol.  7;  31-35.  QL461 .E532  electrophysiology;  field 

test;  disruptant;  sex  pheromone  analog;  synthetic  sex  pheromone;  sex 
pheromone;  _H,  armigera;  U)-9-tetradecen-l-ol  formate;  U)-ll- 
hexadecenal  ; U) -11-tetradecenal ; U)-9-tetradecen-l-ol 

37.  Gothilf,  S. ; Kehat,  M.;  Jacobson,  M.;  Galun,  R.  1978b.  Sex 

attractants  for  male  Heliothis  armigera  (Hbn.).  Experientia  34:  853- 
854.  475  EX7  bioassay;  field  test;  electrophysiology;  synthetic  sex 

pheromone;  sex  pheromone  analog;  behavior;  H,  armigera;  (Z)-ll- 
hexadecenal ; U)-9-tetradecenal ; (_Z)-ll-tetradecenal 

38.  Grant,  G,  G.;  Slessor,  K.  N.;  Szittner,  R.  B.;  Morse,  D.;  Meighen,  E. 

A.  1982.  Development  of  a bioluminescence  assay  for  aldehyde 
pheromones  of  insects.  II.  Analysis  of  pheromone  glands.  J.  Chem, 
Ecol . 8:  923-933.  0D415,A1J6  analysis;  sex  pheromone;  Ji.  zea ; (^)- 

11-tetradecenal 

39.  Grichanov,  I,  Y.  1983.  (The  nuptial  behavior  of  the  cotton  bollworm 

Heliothis  armigera.)  Zool.  Zh.  62:  707-713,  410  R92  behavior;  sex 

pheromone;  H^.  a rmi gera 

40.  Griffith,  P.  H,;  Susskind,  C.  1970.  Electromagnetic  communication 
versus  olfaction  in  the  corn  earworm  moth,  Heliothis  zea.  Ann. 

Entomol.  Soc.  Am.  63:  903-905.  420  EN82  morphology;  _H.  zea 

41.  Gross,  H.  R.,  Jr.;  Carpenter,  J.  E.;  Sparks,  A.  N.  1983.  Visual 

acuity  of  Heliothis  zea  (Lepidoptera:  Noctuidae)  males  as  a factor 
influencing  the  erriciency  of  pheromone  traps.  Environ.  Entomol.  12: 

844-847.  QL461.E532  field  test;  trap  design;  synthetic  sex 

pheromone;  H.  zea;  (^) -11-hexadecenal ; (^)-9-hexadecenal ; (^)-7- 
hexadecenal ; hexadecanal 
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42. 


Gross,  H.  R. , Jr,;  Lewis,  W.  J.;  Jones,  R,  L.;  Nordlund,  D.  A, 

1975.  Kairomones  and  their  use  for  management  of  entomophagous 
insects.  III.  Stimulation  of  Trichogramma  achaeae,  1^.  pretiosum,  and 
Microplitis  croceipes  with  host-seeking  stimuli  at  time  of  release  to 
improve  their  efficiency.  J.  Chem,  Ecol . 1:  431-438.  QD415.A1J6 

bioassay;  field  test;  cage  test;  behavior;  parasitoid;  kairomone; 
Trichogramma  achaeae;  Trichogramma  pretiosum;  Microplitis  croceipes;  H. 
zea;  tricosane 


43.  Gross,  H.  R. , Jr.;  Lewis,  W.  J.;  Nordlund,  D.  A.  1981.  Trichogramma 
preti osum:  Effect  of  prerelease  parasiti zation  experience  on  retention 
in  release  areas  and  efficiency.  Environ.  Entomol.  10:  554-556. 
QL461.E532  bioassay;  field  test;  behavior;  kairomone;  parasitoid; 
Trichogramma  pretiosum;  Jl.  zea 

44.  Gueldner,  R.  C.;  Nordlund,  D.  A.;  Lewis,  W.  J.;  Thean,  J,  E.;  Wilson,  D. 

M.  1984.  Kairomones  and  their  use  for  management  of  entomophagous 
insects.  XV.  Identification  of  several  acids  in  scales  of  Heliothis  zea 
moths  and  comments  on  their  possible  role  as  kairomones  for  Trichogramma 
pretiosum.  J.  Chem.  Ecol.  10:  245-251.  QD415.J1A6  bioassay; 

Dehavior;  parasitoid;  Trichogramma  pretiosum;  zea;  hexanoic  acid; 
heptanoic  acid;  octanoic  acid;  nonanoic  acid;  2-  (or  3-)furancarboxylic 
acid;  phenylacetic  acid;  benzoic  acid;  sorbic  acid;  4-hydroxybenzoi c 
acid 

45.  Haile,  D.  G.;  Snow,  J.  W.;  Goodenough,  J.  L.  1973.  Reduced  capture 

of  tobacco  budworm  and  corn  earworm  males  in  electric  grid  traps  baited 
simultaneously  with  virgin  females  of  both  species.  J.  Econ.  Entomol. 
66:  739-740.  421  J822  field  test;  disruptant;  sex  pheromone; 

interspecific  interaction;  _H.  vi  rescens ; JH.  zea ; Luecania  humidicola 

46.  Hardee,  D.  0.  1977.  Managing  and  monitoring  boll  weevils  and  tobacco 

budworms  with  grandlure  and  vi relure.  Proc.  Beltwide  Cotton  Prod. 

Mech.  Conf.  19/7:  78-79.  72.9  C8292  monitoring;  synthetic  sex 
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hexadecenal ; (^)-9-tetradecenal 
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10:  908-914.  QL461.E532  field  test;  population  density  estimation; 

synthetic  sex  pheromone;  H^.  vi  rescens;  U) -11-hexadecenal  ; (_Z)-9- 
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chemosteri lants  and  dietary  additives.  J.  Chem.  Ecol . 3:  127-131. 
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pheromone;  H_,  vi  rescens 

71.  Hendricks,  D.  E.;  Perez,  C.  T. ; Guerra,  R.  J.  1980.  Effect  of 
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vi  rescens ; (^) -11-hexadecenal ; (_Z)-9-hexadecenal ; (^)-7-hexadecenal ; 
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1978.  Electric  and  nonelectric  moth  traps  baited  with  the  synthetic 
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monitoring;  trapping;  disruptant;  trap  design;  formulation;  sex 
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17 


82. 


Jones,  R.  L.;  Lewis,  W.  J.;  Beroza,  M.;  Bierl  , B.  A.;  Sparks,  A.  N. 
1973.  Host-seeking  stimulants  (kairomones)  for  the  egg  parasite, 
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subflexa  backcrossed  for  three  generations  to  H.  subflexa.  Ann. 
Entomol.  Soc.  Am.  70:  737-740.  420  EN82  bioassay;  hybrid;  H^. 

vi  rescens;  H_.  subfl exa 

87.  Kehat,  M.;  Gothilf,  S.;  Dunkelblum,  E.;  Greenberg,  S.  1980.  Field 

evaluation  of  female  sex  pheromone  components  of  the  cotton  bollworm, 
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OR.  R.  L.  Goulding,  Ed.,  pp.  41-67.  SB950.A1I51  control  strategy; 

disruptant;  synthetic  sex  pheromone;  sex  pheromone  analog;  formulation; 

zea;  (^)-9-tetradecen-l-ol  formate;  U)-ll-hexadecenal 

132.  Mitchell,  E,  R.;  Baumhover,  A.  H.;  Jacobson,  M.  1976.  Reduction  of 
mating  potential  of  male  Hel i othi s spp.  and  Spodoptera  frugiperda  in 
field  plots  treated  with  disruptants.  Environ.  Entomol,  5:  484-486. 
QL461.E532  field  test;  disruptant;  sex  pheromone  analog;  synthetic  sex 
pheromone;  sex  pheromone;  H.  vi rescens;  H.  zea;  (Z)-9-tetradecen-l-ol 
formate;  (_^)-ll-hexadecenaT;  U)-9-tetraTecena I 

133.  Mitchell,  E.  R.;  Hamilton,  E.  W.;  Masuda,  S.  1978.  A 12-volt  DC 
power  pack  for  electrocutor  grid  traps.  Fla.  Entomol.  61:  189-191. 

420  F662  field  test;  trap  design;  sex  pheromone;  JH.  zea 

134.  Mitchell,  E.  R. ; Jacobson,  M.;  Baumhover,  A.  H.  1975.  Hel i othis 

spp.:  Disruption  of  pheromonal  communication  with  (Z)-9-tetradecen-l-ol 
formate.  Environ.  Entomol.  4:  577-579.  QL461.E537  field  test; 

disruptant;  sex  pheromone  analog;  sex  pheromone;  Jl.  vi  rescens;  zea; 
(^)-9-tetradecen-l-ol  formate 

135.  Mitchell,  E.  R. ; Jacobson,  M.;  Baumhover,  A.  H.  1978.  {7J  9- 

Tetradecenyl  formate  and  its  use  as  a communication  disruptant  for 

Hel i othi s.  U.  S.  Patent  No.  4,083,995,  Apr.  11,  1978.  field  test; 
disruptant;  sex  pheromone  analog;  H^.  vi  rescens;  zea;  U)-9- 
tetradecen-l-ol  formate 

136.  Mitchell,  E,  R. ; McLaughlin,  J,  R.  1982.  Suppression  of  mating  and 

ovi position  by  fall  armyworm  and  mating  by  corn  earworm  in  corn,  using 
the  air  permeation  technique.  J.  Econ.  Entomol.  75:  270-274.  421 

J822  field  test;  disruptant;  sex  pheromone  analog;  sex  pheromone;  _H. 
zea;  (^)-9-tetradecen-l-ol  formate 

137.  Mitchell,  E.  R.;  Tumlinson,  J.  H.;  Baumhover,  A.  H.  1978.  Hel i othi s 
vi  rescens : Attraction  of  males  to  blends  of  (_Z)-9-tetradecen-l-ol 
formate  and  (Z)-9-tetradecenal . J.  Chem.  Ecol . 4:  709-716. 

QD415.A1J6  Yield  test;  di sruptant ;i nterspeci fic  interaction;  sex 
pheromone  analog;  synthetic  sex  pheromone;  sex  pheromone;  H^.  vi  rescens ; 
H.  zea;  (Z)-9-tetradecen-l-ol  formate;  U)-9-tetradecenal ; U)-ll- 
Fexadecenin  ; (Z_)-7-dodecen-l-ol  formate 
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138. 


Mitchell,  E.  R.;  Tumlinson,  J.  H.;  Copeland,  W.  W.;  Hines,  R.  W.; 
Brennan,  M.  M.  1974.  Tobacco  budworm:  Production,  collection,  and 
use  of  natural  pheromone  in  field  traps.  Environ.  Entomol.  3:  711- 
713.  QL461.E532  field  test;  cage  test;  sex  pheromone;  behavior;  _HL 

vi  rescens 


139.  Mueller,  T.  F.;  Harris,  V.  E.;  Phillips,  J.  R.  1984.  Theory  of 

Hel i othi s (Lepidoptera:  Noctuidae)  management  through  reduction  of  the 
first  spring  generation:  A critique.  Environ.  Entomol.  13:  625- 
634.  QL461.E532.  control  strategy;  migration;  monitoring;  synthetic 

sex  pheromone;  jl.  zea ; JH.  vi  rescens 

140.  Nesbitt,  B.  F.;  Beevor,  P.  S.;  Hall,  D.  R.;  Lester,  R.  1979.  Female 

sex  pheromone  components  of  the  cotton  boll  worm,  Hel i othi s armigera. 

J.  Insect  Physiol.  25:  535-541.  421  J825  identification;  field  test; 

electrophysiology;  sex  pheromone;  synthetic  sex  pheromone;  interspecific 
interaction;  H.  armigera;  H.  peltigera;  U)-ll-hexadecenal ; (Z_)-9- 
hexadecenal ; TTexadecanal ; T^)-ll-hexadecen-l-ol ; hexadecanol ; (_E_)-11- 
hexadecenal 

141.  Nesbitt,  B.  F.;  Beevor,  P.  S.;  Hall,  D.  R. ; Lester,  R.  1980.  (Z)-9- 

Hexadecenal : A minor  component  of  the  female  sex  pheromone  of  HelTothis 
amigera  (Hdner)  (Lepidoptera,  Noctuidae).  Entomol.  Exp.  Appl . 27: 
306-308.  421  EN895  identification;  sex  pheromone;  armi gera ; (^)- 

11-hexadecenal ; (_Z)-9-hexadecenal ; (_Z)-ll-hexadecen-l-ol ; hexadecanal ; 
hexadecanol 

142.  Nettles,  W.  C.,  Jr.;  Burks,  M.  L.  1975.  A substance  from  Hel i othi s 

vi rescens  larvae  stimulating  larvi position  by  females  of  the  tachinid, 
Archytas~mannoratus.  J.  Insect  Physiol.  21:  965-978.  421  J825 

isolation;  bioassay;  kairomone;  Archytas  marmoratus;  parasitoid; 

vi  rescens 

143.  Nordlund,  D,  A.;  Lewis,  W.  J.;  Gross,  H.  R. , Jr.;  Beevers,  M.  1981. 
Kairomones  and  their  use  for  management  of  entomophagous  insects.  XII. 

The  stimulatory  effects  of  host  eggs  and  the  importance  of  host-egg 
density  to  the  effective  use  of  kairomones  for  Trichogramma  pretiosum 

Riley.  J.  Chem.  Ecol . 7:  909-917.  QD415.A1J6  bioassay;  cage  test; 

field  test;  kairomone;  behavior;  Trichogramma  pretiosum;  parasitoid;  _H. 
zea 


144.  Nordlund,  D.  A.;  Lewis,  W.  J.;  Gross,  H.  R. , Jr.;  Harrell,  E.  A. 

1974  Description  and  evaluation  of  a method  for  field  application  of 
Hel i othi s zea  eggs  and  kairomones  for  Trichogramma.  Environ.  Entomol. 
3:  981-984.  QL461.E532  field  test;  kairomone;  parasitoid; 

Trichogramma  evanescens;  H.  zea ; tricosane 

145.  Nordlund,  D.  A.;  Lewis,  W.  J.;  Jones,  R.  L.;  Gross,  H.  R.,  Jr. 

1976.  Kairomones  and  their  use  for  management  of  entomophagous 
insects.  IV.  Effect  of  kairomones  on  productivity  and  longevity  of 
Trichogramma  pretiosum  Riley  (Hymenoptera : Trichogrammatidae).  J. 
Chem.  Ecol.  2:  67-72.  QD415.A1J6  bioassay;  kairomone;  Trichogramma 

pretiosum;  parasitoid;  _H.  zea 
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146.  Nordlund,  D.  A.;  Lewis,  W.  J.;  Jones,  R.  L.;  Gross,  H.  R.,  Jr.;  Hagen, 

K.  S.  1977.  Kairomones  and  their  use  for  management  of  entomophagous 
insects.  VI.  An  examination  of  the  kairomones  for  the  predator  Chrysopa 
carnea  Stephens  at  the  oviposition  sites  of  Heliothis  zea  (Boddie).  JT 
Chem.  Ecol.  3:  507-511.  QD415.A1J6  bioassay;  behavior;  kairomone; 

Chrysopa  carnea;  JH . zea 

147.  Nordlund,  D.  A.;  Lewis,  W.  J.;  Todd,  J.  W.;  Chalfant,  R.  B.  1977. 

Kairomones  and  their  use  for  management  of  entomophagous  insects.  VII. 
The  involvement  of  various  stimuli  in  the  differential  response  of 
Trichogramma  pretiosum  Riley  to  two  suitable  hosts.  J.  Chem.  Ecol.  3: 
513-518.  QD415.A1J6  bioassay;  behavior;  kairomone;  parasitoid; 

Trichogramma  pretiosum;  H^.  zea 

148.  Nordlund,  D.  A.;  Sauls,  C.  E.  1981.  Kairomones  and  their  use  for 
management  of  entomophagous  insects.  XI.  Effect  of  host  plants  on 
kairomonal  activity  of  frass  from  Heliothis  zea  larvae  for  the 
parasitoid  Microplitis  croceipes.  J.  Chem.  Ecol.  7:  1057-1061. 
QD415.A1J6  bioassay;  behavior;  kairomone;  parasitoid;  Microplitis 
crocei pes;  H,  zea 

149.  Pair,  S.  0.;  Laster,  M.  L.;  Martin,  D.  F.  1977.  Hybrid  sterility: 

Mating  dynamics  of  backcross  progeny  from  crosses  of  Heliothis  subflexa 
and  _H.  vi rescens . Ann.  Entomol . Soc.  Am.  70:  665-668.  420  EN82 

bioassay;  behavior;  hybrid;  H^.  vi  rescens;  H^.  subfl  exa 

150.  Piccardi,  P.;  Capizzi,  A.;  Cassani , G.;  Spinelli,  P.;  Arsura,  E.; 

Massardo,  P.  1977.  A sex  pheromone  component  of  the  Old  World 
bollworm  Heliothis  armigera.  J.  Insect  Physiol.  23:  1443-1445.  421 

J825  identification;  synthesis;  electrophysiology;  field  test;  sex 
pheromone;  synthetic  sex  pheromone;  _H.  armigera;  (^)-ll-hexadecenal 

151.  Plimmer,  J.  R.;  Leonhardt,  B.  A.  1983  Formulation  of  insect 
pheromones:  Application  rates  and  persistence.  Pesticide  Chemistry: 
Human  Welfare  and  the  Environment.  J.  Miyamoto  and  P.  C.  Kearney, 

Eds.  (Proc.  5th  Internatl . Congr.  Pesticide  Chem.,  Kyoto,  Japan.  Aug. 
29-Sept  4,  1982.)  Pergamon  Press,  Oxford.  Vol . 4,  pp.  233-236. 
SB951.I562  1982  v.4  analysis;  formulation;  synthetic  sex  pheromone;  _H. 
zea;  Jl.  vi  rescens ; U) -11-hexadecenal ; tetradecanal 

152.  Pope,  M.  M.;  Gaston,  L.  K.;  Baker,  T.  C.  1982.  Composition, 
quantification,  and  periodicity  of  sex  pheromone  gland  volatiles  from 
individual  Heliothis  vi rescens  females.  J.  Chem.  Ecol.  8:  1043- 
1055.  QD4r5.AlJ6  identi  fication;  sex  pheromone;  vi  rescens ; (Z)- 
11-hexadecenal ; hexadetanal ; (_Z)-9-tetradecenal ; tetradecanal;  (_Z)-Ti- 
hexadecen-l-ol ; (_Z)-9-hexadecenal ; U)-7-hexadecenal 

153.  Raina,  A.  K.  1983.  Role  of  sex  pheromones  in  insect  reproduction 
(Abstract).  In:  Abstracts  Internatl.  Conf.  Natural  Products  as 
Regulators  of  Insect  Reproduction.  Jammu,  India,  Oct.  1983.  p.  26. 
analysis;  sex  pheromone;  interspecific  interaction;  physiology;  Ji.  zea; 

H.  vi rescens;  (Z) -11-hexadecenal ; (Z)-9-tetradecenal 
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154. 


Raina,  A,  K,;  Klun,  J.  A.  1984a.  Neuro-hormonal  control  of  sex 
pheromone  production  in  Heliothis  zea.  In:  Insect  Neurochemistry  and 
Neurophysiology.  A.  B.  Borkovec  and  T.  J.  Kelly,  Eds.  Plenum 
Publishing  Corp.,  New  York.  pp.  467-469.  QL495.I535  1983  bioassay; 

isolation;  physiology;  sex  pheromone;  H.  zea 


155.  Raina,  A.  K.;  Klun,  J.  A.  1984b.  Brain  factor  control  of  sex 

pheromone  production  in  the  female  corn  earworm  moth.  Science  225: 
531-533.  470  SCI2  bioassay;  isolation;  physiology;  sex  pheromone; 

(0-11-hexadecenal ; _H.  zea 

156.  Raulston,  J.  R.  1979.  Heliothis  virescens  migration.  In:  Movement 
of  Highly  Mobile  Insects:  Concepts  and  Methodology.  R.  L.  Rabb  and  G. 

G.  Kennedy,  Eds.  N.  C.  State  Univ.,  University  Graphics,  Raleigh,  N. 

C.  pp.  412-419.  SB945.L63M6  field  test;  monitoring;  migration;  sex 

pheromone;  _H.  vi  rescens 

157.  Raulston,  J.  R.;  Graham,  H.  M.;  Lingren,  P.  D.;  Snow,  J.  W.  1976. 

Mating  interaction  of  native  and  laboratory-reared  tobacco  budworms 
released  in  the  field.  Environ.  Entomol . 5:  195-198.  QL461.E532 

field  test;  behavior;  irradiation;  sex  pheromone;  vi rescens 

158.  Raulston,  J.  R.;  Lingren,  P.  D.;  Sparks,  A.  N.;  Martin,  D.  F.  1979. 

Mating  interaction  between  native  tobacco  budworms  and  released 
backcross  adults.  Environ.  Entomol.  8:  349-353.  0L461.E532  field 

test;  behavior;  hybrid;  monitoring;  sex  pheromone;  H^.  vi  rescens 

159.  Raulston,  J.  R. ; Lopez,  P.  P.;  Gonzales,  G.  E.;  Houghtaling,  J.  E. 

1983.  tobacco  budworm:  Behavioral  effects  of  dispensing  vi relure  or 
seven-component  pheromone  in  small  cotton  plots.  Environ.  Entomol.  12: 
738-743.  QL461.E532  field  test;  behavior;  synthetic  sex  pheromone; 

H.  virescens;  (Z)-ll-hexadecenal ; U)-9-hexaclecenal ; U)-7-hexadecenal ; 
hexadecanal ; (jy-9-tetradecenal ; tetradecanal  ; U) -11-hexadecen-l-ol 

160.  Raulston,  J.  R. ; Snow,  J.  W.;  Graham,  H.  M.;  Lingren,  P.  D.  1975. 

Tobacco  budworm:  Effect  of  prior  mating  and  sperm  content  on  the  mating 
behavior  of  females.  Ann.  Entomol.  Soc.  Am.  68:  701-704.  420  EN82 

cage  test;  field  test;  behavior;  sex  pheromone;  H^.  vi  rescens 

161.  Raulston,  J.  R. ; Sparks,  A.  N.;  Lingren,  P.  0.  1980.  Design  and 

comparative  efficiency  of  a wind-oriented  trap  for  capturing  live 
Heliothis  spp.  J.  Econ.  Entomol.  73:  586-589.  421  J822  field  test; 

trap  design;  synthetic  sex  pheromone;  sex  pheromone;  H_.  vi  rescens;  H_. 
zea;  (Z)-ll-hexadecenal ; (Z )-9-tetradecenal 


162.  Raulston,  J.  R.;  Wolf,  W.  W.;  Lingren,  P.  D.;  Sparks,  A.  N.  1982. 
Migration  as  a factor  in  Heliothis  management.  In:  Proc.  Internatl . 
Workshop  on  Heliothis  Management  (Ratancheru,  India,  November  1981),  W. 
Reed,  Ed.  ICRISAT  Center  (Internatl.  Crops  Res.  Inst,  for  the  Semi-Arid 
Tropics),  Patancheru,  India,  pp.  61-73.  SB945.H27I5  1981  field 

test;  monitoring;  migration;  sex  pheromone;  synthetic  sex  pheromone;  H_. 
zea;  H.  armi gera;  H^.  vi  rescens;  (Z)-ll-hexadecenal ; (^)-9-hexadecenal ; 
(^)-7^hexadecenal ; hexadecanal ; (T)-9-tetradecenal ; tetradecanal;  (_Z)- 
11-hexadecen-l-ol 
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163. 


Reed,  W.,  Ed.  1982.  International  Workshop  on  Heliothis 
Management.  ICRISAT  (International  Crops  Research  Institute  for  the 
Semi-Arid  Tropics).  1982.  Proceedings  of  the  International  Workshop  on 
Heliothis  Management,  15-20  November  1981,  ICRISAT  Center,  Patancheru, 

A.  P.,  India  SB945.H27I5  1981  control  strategy;  monitoring; 
behavior;  synthetic  sex  pheromone;  hybrid;  phylogeny;  physiology; 
migration;  Hel i othis  spp. 

164.  Roach,  S.  H.  1975.  Heliothis  zea  and  _H.  vi rescens : Moth  activity  as 
measured  by  blacklight  and  pheromone  traps.  J.  Econ.  Entomol . 68:  17- 
21.  421  J822  monitoring;  field  test;  trap  design;  sex  pheromone; 

disruptant;  zea;  JH.  vi  rescens 


165.  Roelofs,  W.  L.;  Hill,  A.  S.;  Card^,  R.  T. ; Baker,  T.  C.  1974.  Two 
sex  pheromone  components  of  the  tobacco  budworm  moth,  Hel i othi s 

vi rescens.  Life  Sci . 14:  1555-1562.  442.8  L62  identification; 

electrophysiol  ogy;  bioassay;  field  test;  sex  pheromone;  vi  rescens; 
zea;  (^)-ll-hexadecenal ; (_Z)-9-tetradeceTial 

166.  Roltsch,  W.  J.;  Mayse,  M.  A.  1984.  Population  studies  of  Heliothis 
spp.  (Lepidoptera:  Noctuidae)  on  tomato  and  corn  in  southeast 
Arkansas.  Environ.  Entomol.  QL461.E532  field  test;  synthetic  sex 
pheromone;  _H.  zea;  H^.  vi  rescens ; (Z)-ll-hexadecenal ; (_Z)-9-hexadecenal ; 
(^)-7-hexadecenal ; hexadecanal ; (^-9-tetradecenal ; tetradecanal ; (^)- 
11-hexadecen-l-ol 

167.  Rothschild,  G.  H.  L.  1978.  Attractants  for  Heliothis  armigera  and  H. 

punct i gera.  J.  Austral.  Entomol.  Soc.  17:  389-390.  420  EN823  field 

test;  synthetic  sex  pheromone;  sex  pheromone  analog;  _H.  armigera;  H^. 
puncti gera ; (^) -11-hexadecenal ; (^)-9-tetradecenal ; (Z^) -11-hexadecen-l- 
ol  acetate;  (Z)-ll-hexadecen-l-ol ; (_Z)-9-tetradecen-l-ol ; (_Z)-9- 
tetradecen-l-o1  acetate 

168.  Rothschild,  G.  H.  L.;  Nesbitt,  B.  F.;  Beevor,  P.  S.;  Cork,  A.;  Hall,  D. 

R.;  Vickers,  R.  A.  1982.  Studies  of  the  female  sex  pheromone  of  the 
native  budworm,  Heliothis  punctiger.  Entomol.  Exp.  Appl . 31:  395- 
401.  421  EN895  identification;  electrophysiology;  field  test;  sex 

pheromone;  synthetic  sex  pheromone;  _H.  puncti  gera;  H^.  punctiger;  (^)-ll- 
hexadecenal ; (^) -11-hexadecen-l-ol  acetate;  (^) -ll-hexadecen-l-ol ; (^)- 
9-tetradecenal ; (_Z)-ll-tetradecenal ; hexadecanal 

169.  Rothschild,  G.  H.  L.;  Wilson,  A.  G.  L.;  Malafant,  K.  W.  1982. 
Preliminary  studies  on  the  female  sex  pheromones  of  Hel i othi s species 
and  their  possible  use  in  control  programs  in  Australia.  TTf:  Proc. 

Internatl . Workshop  on  Heliothis  Management  (Patancheru,  India,  November 
1981),  W.  Reed,  Ed.  ICRISAT  Center  (Internatl.  Crops  Res.  Inst,  for  the 
Semi-Arid  Tropics),  Patancheru,  India,  pp.  319-327.  SB945.H27I5 

1981  monitoring;  field  test;  trap  design;  synthetic  sex  pheromone;  sex 
pheromone  analog;  H^.  armigera;  puncti  gera;  (^)-ll-hexadecenal ; (Z^)- 
11-hexadecen-l-ol  acetate;  (^)-9-tetradecenal ; (2.)-9-tetradecen-l-ol 
formate;  (_Z)-9-tetradecen-l-ol  acetate 
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170. 


Saad,  A.  D.;  Scott,  D.  R.  1981.  Repel lency  of  pheromones  released  by 
females  of  Heliothis  armigera  and  H.  zea  to  females  of  both  species. 
Entomol.  Exp.  Appl . 80;  128-127.  M\  EN895  bioassay;  behavior;  sex 
pheromone;  H^.  armi gera;  H^.  zea 

171.  Sattar-Zade,  N.  R. ; Konyukhov,  V.  P.;  Mamedova,  S.  R.;  Kovalev,  B.  G. 

1980.  (Use  of  sexual  attractant  of  Heliothis  armigera.)  Khim.  Sel's. 
Khoz.  18  (12):  12-13  385  K524  field  test;  synthetic  sex  pheromone; 

H.  armigera;  (^)-ll-hexadecenal ; (Z^) -11-tetradecenal 

172.  Sauls,  C.  E. ; Nordlund,  0.  A.;  Lewis,  W.  J.  1979.  Kairomones  and 
their  use  for  management  of  entomophagous  insects.  VIII.  Effect  of  diet 
on  the  kairomonal  activity  of  frass  from  Heliothis  zea  (Boddie)  larvae 
for  Microplitis  croceipes  (Cresson).  J.  Chem.  EcoTT^:  363-369. 
QD415.A1J6  bioassay;  behavior;  kairomone;  parasitoid;  Microplitis 
croceipes;  H^.  zea 


173.  Sekul , A.  A.;  Sparks,  A.  N.;  Beroza,  M.;  Bierl  , B.  A.  1975.  A 

natural  inhibitor  of  the  corn  earworm  moth  sex  attractant.  J.  Econ. 
Entomol.  68:  603-604.  421  J822  identification;  bioassay;  field  test; 

sex  pheromone;  synthetic  sex  pheromone;  disruptant;  H.  zea;  (Z)-ll- 
hexadecenal 

174.  Shani , A.  1982.  Field  studies  and  pheromone  application  in 
Israel.  Abstracts,  Third  Israeli  Meeting  on  Pheromone  Research:  18- 
22.  monitoring;  field  test;  disruptant;  synthetic  sex  pheromone;  JH. 
armi  gera 

175.  Shaver,  T.  N.  1983.  Environmental  fate  of  (^)-ll-hexadecenal  and 
(^)-9-tetradecenal , components  of  a sex  pheromone  of  the  tobacco  budworm 
(Lepidoptera:  Noctuidae).  Environ.  Entomol.  12:  1802-1804. 

QL461.E532  analysis;  degradation  product;  synthetic  sex  pheromone;  _H. 
vi rescens ; (^)-ll-hexadecenal ; (^)-9-tetradecenal 
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Dissipation  of  vi relure,  a synthetic  pheromone  of  the  tobacco  budworm, 
from  laminated  plastic  and  cigarette  filter  dispensers.  Southwestern 
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of  pairs  to  separate  after  copulation.  J.  Econ.  Entomol.  63:  1873- 
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, 118 

, 122- 

124 

, 127, 

128, 

140, 

141, 

152, 

159 

, 162, 

166, 

178, 

179, 

189- 

193 

, 195, 

201, 

204, 

208, 

209, 

211 

-213, 

215-218,  221 

(_E)-ll-hexadecenal 

140 

U)-ll-hexadecenal 


00 

11. 

12, 

14, 

18,  19, 

21, 

24,  25,  29 

, 34 

-37, 

41,  46 

. 47 

49-55 

, 58- 

61, 

66, 

67,  71, 

72, 

76-79 

, 81, 

87- 

95, 

97,  104 

-106 

113, 

118, 

120- 

124, 

127-129, 

131, 

132, 

137, 

140 

, 141, 

150- 

153, 

155, 

159, 

161 

, 162, 

165- 

169, 

171, 

173, 

175 

-179,  189- 

193, 

195, 

201, 

203 

, 204, 

206- 

218, 

221 

U)-5-hexadecene 

15 

U)-ll-hexadecenoi c acid 
220 

U ) -9-hexadecen-l-ol 

201,  212,  213,  215,  216 

U)-ll-hexadecen-l-o1 

1,  11,  12,  18,  51-53,  60,  72, 
76,  77,  79,  81,  87,  89-92,  95, 
104,  106,  118,  122,  123,  140, 
141,  152,  159,  162,  166-168, 
178,  179,  190-193,  195,  201, 
204,  208,  209,  212,  213,  215- 
217,  221 

U)-7-hexadecen-l-ol  acetate 

84,  127,  201,  212,  213,  215, 

• 216 

U)-9-hexadecen-l-ol  acetate 

1,  90,  127,  201,  212,  213,  215, 
216 

U)-ll-hexadecen-l-ol  acetate 

1,  90,  95,  127,  167-169,  201, 
212,  213,  215,  216 

(Z) -9-hexadecen-l-ol  formate 
77 


90 

U)-7-hexadecenal 

18,  19,  21,  41,  51-53,  60,  61, 
72,  76,  77,  79,  81,  87,  89-94, 

104,  113,  118,  122-124,  127, 
128,  152,  159,  162,  166,  178, 
179,  189-193,  195,  204,  212, 
213,  215-218,  221 


hexanoic  acid 
44 

hybrid 

22,  86,  90,  100-103,  125,  149, 
158,  163,  210 
4-hydroxybenzoi c acid 
44 


42 


identification 

24,  25,  34,  82,  83,  89-95,  140, 
141,  150,  152,  165,  168,  173, 

177,  201,  204,  212-216,  219, 

220 

interspecific  interaction 

18,  45,  72,  85,  130,  137,  140, 
153,  178,  182,  192,  193,  203, 

208,  210,  211,  213,  216 

i rradi ation 

57,  65,  157,  184,  185 

isolation  (chemical) 

30,  82,  83,  126,  142,  154,  155 

kai romone 

4,  42,  43,  75,  82,  83,  107, 
109-114,  142-148,  172,  196, 

197,  215,  219 
Luecania  humidicola 
45 

male  pheromone 
73 

methyl  dot ri acontanes 
219 

13-methyl hentri acontane 
83 

methyl hentri acontanes 
219 

methyl  tritri  acontanes 
219 

Mi cropl i ti s croceipes 

42,  83,  109,  148,  172 
migration 

48,  51,  53,  65,  139,  156,  162, 
163,  188 
monitor! ng 

7,  10,  46,  47,  49-51,  59,  67, 
79,  81,  88,  104,  118,  123,  127, 
139,  156,  158,  162-164,  169, 
174,  187,  188,  190,  194,  198, 
207 

morphol  ogy 

3,  40,  80,  200 
Netalia  sayi 

209 

nonanoic  acid 
44 

octanoic  acid 
44 

parasitoid 

4,  42-44,  75,  82,  83,  107-111, 
113,  114,  142-145,  147,  148, 
172,  196,  197,  209,  215,  219 

pentacosane 

82 


phenylacetic  acid 
44 

phylogeny 

100,  163 
physi ol ogy 

153-155,  163,  183,  184 
Platysenta  videos 

203 

population  density  estimation 
47,  51,  54,  56,  81 
Pristomerus  spinator 

209 

sex  pheromone  (female) 

1,  5,  9,  12,  14,  15,  18,  22-25 
27-34,  36,  38,  39,  45,  48,  57- 
59,  62,  64,  65,  68-74,  76,  79, 
84,  85,  87,  89-96,  99,  102, 
116,  117,  120-122,  126,  129, 

130,  132-134,  136-138,  140, 
141,  150,  152-158,  160-162, 
164,  165,  168,  170,  173,  178, 
180-184,  187-195,  201-204,  208 
210-218,  221 

sex  pheromone  analog 

1,  6,  12,  14-17,  23,  34,  36, 
37,  76,  77,  79,  84,  98,  106, 
126-128,  131,  132,  134-137, 
167,  169,  178,  179,  190,  206, 
211 

sex  pheromone  precursor 
220 

sorbic  acid 
44 

Spodoptera  frugi perda 

survey,  see  monitoring 
synthesi s 

15,  26,  83,  105,  150,  214,  219 
synthetic  sex  pheromone 

7,  8,  10-12,  18-21,  26,  29,  34 
37,  41,  46,  48-50,  52-55,  58- 
61,  66,  67,  71,  72,  76-79,  81, 
87-91,  93,  95,  97,  104-106, 
113,  118,  120-124,  127,  128, 

131,  132,  137,  139,  140,  150, 
151,  159,  161-163,  166-169, 
171,  173-179,  189-193,  198, 
201,  203-212,  214-218,  221 

Telenomus  heliothidis 
197 

tetracosane 

82 


tetradecanal 


18, 

51-53, 

60, 

61, 

ro 

76,  77 

79, 

81,  87 

, 89- 

-92, 

104, 

106, 

118, 

122, 

123, 

151, 

152 

, 159, 

162, 

166, 

178, 

179, 

190 

-193, 

195, 

203, 

212, 

213, 

215 

-217, 

221 

tetradecanol  formate 
76,  77,  98,  190 
(Z)-9-tetradecenal 

11,  18,  29,  34,  37,  46,  47,  49- 
55,  58-61,  66,  67,  71,  72,  76- 
79,  81,  87,  89-92,  97,  104, 

105,  118,  120-123,  127,  132, 
137,  152,  153,  159,  161,  162, 
165-169,  175-179,  190-193,  195, 
203,  206-217,  221 

(n-ll-tetradecenal 

38 

U)-ll-tetradecenal 

12,  34-37,  95,  168,  171 
(Z_)-7-tetradecen-l-ol 

126 

(_Z)-9-tetradecen-l-o1 
6,  36,  167 

(^)-ll-tetradecen-l-ol 
1,  95 

U)-7-tetradecen-l-ol  acetate 
126 

(Z)-9-tetradecen-l-ol  acetate 
“ 1,  6,  26,  79,  127,  167,  169 

(^)-ll-tetradecen-l-ol  acetate 
1 

U)-7-tetradecen-l-ol  formate 
211 

(Z_)-9-tetradecen-l-ol  formate 

6,  16,  17,  23,  34,  36,  76,  79, 
127,  128,  131,  132,  134-137, 
169,  178,  190,  199,  206,  211 
U)-9-tetradecenoic  acid 
220 

trap  design 


8, 

11. 

33, 

41, 

48-50,  52,  55, 

64, 

68- 

•71. 

78, 

79,  120,  122, 

133 

, 161, 

164, 

169,  187,  189- 

191 

trapping 

9, 

12, 

00 

28, 

53,  65,  66,  79 

99,  118,  122,  212,  221 
Trichogramma  achaeae 
42 

Trichogramma  evanescens 
75,  82,  114,  144 


Trichogramma  pretiosum 

4,  42-44,  107,  143,  145,  147 
Trichogramma  spp. 

no.  111,  113,  215 
tricosane 

42,  75,  82,  no.  111,  144 
vapor  distribution 
17,  199 


44 
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